Background: Dementia, including Alzheimer's disease (AD), is one of the most burdensome medical conditions. Usually, the reviews that aim at calculating the prevalence of dementia include estimates from studies without assessing their methodological quality. Alzheimer's Disease International (ADI) proposed a score to assess the methodological quality of population-based studies aimed at estimating the prevalence of dementia. During the last three years, the European Commission has funded three projects (Eurodem, EuroCoDe, and ALCOVE) in order to estimate the prevalence of dementia in Europe. Objective: The aim of this study was to perform a systematic review and meta-analysis of data on the prevalence of dementia in Europe derived from studies that included only subjects with a diagnosis of dementia according to the DSM IV criteria, and that had a high quality score according to ADI criteria. Methods: We considered the studies selected by the two projects EuroCoDe (1993EuroCoDe ( -2007 and Alcove (2008)(2009)(2010)(2011), and we performed a new bibliographic search. For the systematic review, we only selected the subset of articles that included subjects with a diagnosis of dementia according to the DSM IV criteria. The studies were qualitatively assessed using the ADI tool. Results: The meta-analysis considered 9 studies that were carried out in Europe between 1993 and 2018 including a total of 18,263 participants, of which 2,137 were diagnosed with dementia. The prevalence rate standardized for age and sex resulted 7.1%. Discussion: This is the first systematic review on the prevalence of dementia in Europe considering only high-quality studies adopting the same diagnostic criteria (i.e., DSM IV).
INTRODUCTION
Dementia is increasingly indicated as a public health priority, given the lack of curative treatments and the ongoing sociodemographic transformations of our populations. In Europe, the number of 1472
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dementia cases is estimated to increase from 7.7 million in 2001 to 15.9 million in 2040 [1] . Accordingly, the costs of dementia are forecasted to raise in the whole European continent by about 43% between 2008 and 2030 to over 250 billions D [2] . In this evolving scenario, reaching an adequate knowledge of the epidemiology of the dementia phenomenon is essential to inform and sustain dedicated social and healthcare policies. In particular, accurately estimating its prevalence is a crucial step in order to plan and calibrate any targeted action aiming at mitigating its clinical and socioeconomic impact.
In this regard, the European Commission funded, in the last decades, three projects to estimate the prevalence of dementia in Europe. The first one, Eurodem, was a concerted action designed to strengthen, develop, and provide epidemiological data on dementia in Europe [3, 4] . In 1991, the Eurodem group first published a pooled analysis of original data from studies reporting the prevalence of dementia between 1980 and 1990 in some specific European countries [3] . The review included 12 studies enrolling participants that were examined and diagnosed with dementia according to the DSM III, DSM III-R, CAMDEX, AGECAT, ICD-9 criteria, or similar definitions [3] . A second review was published in 2000, considering 11 population-based studies, carried out in Europe between 1991 and 1997, recruiting participants diagnosed with dementia according to the DSM III-R, CAMDEX, AGECAT criteria, or equivalent ones [4] . The review reported a 6.4% agestandardized prevalence in the population aged ≥65 years [4] . The second project, EuroCoDe (European Collaboration on Dementia), was part of the EU's 2005 work plan of the Community public health program, and a literature review was performed to estimate the prevalence rate of dementia. This review included 17 population-based prevalence studies performed in Europe between 1989 and 2005, and that included subjects diagnosed with dementia according to the DSM III-R, DSM IV, CAMDEX, and ICD-10 clinical criteria [5] . The third project, ALCOVE (Alzheimer's Cooperative Valuation in Europe), concerned various topics including the epidemiology and prevalence of dementia. The review performed within the ALCOVE project to estimate the prevalence of dementia included 12 population-based studies performed in Europe between 2008 and 2011 [6] . The results from both the reviews performed by the EuroCoDe and the ALCOVE projects have not yet been published in any scientific peer-reviewed journal [5, 6] .
A first, relevant knowledge gap concerning the prevalence of dementia in Europe is therefore represented by the fact that the currently available estimates are now outdated and have been obtained by considering older diagnostic criteria. A second, important issue is constituted by the methodological quality of this body of evidence. In particular, most of the analyses conducted on this topic have not adequately considered the methodological quality of the pooled studies. As a result, most of estimates are based on data of weak quality. It is noteworthy that in 2009 the Alzheimer's Disease International (ADI) proposed a score to assess the methodological quality of population-based studies aimed at estimating the prevalence of dementia. The score focuses on the following issues: sample size, study design, response rate, and type of diagnostic criteria [7] . In the ALCOVE project, the ADI tool was used; nevertheless, to date, none of the published studies used this tool to identify the evidence methodologically worthy to be included in pooled analysis on dementia prevalence.
Based on these considerations, the aim of the present study was to provide an updated (from 1993 to 2018) on the prevalence of dementia, focusing only on the studies with a higher methodological quality and including subjects diagnosed using the DSM IV criteria for dementia.
METHODS
Selected studies from EuroCoDe (1993 EuroCoDe ( -2007 and ALCOVE September 2011) project were resumed. A further structured search on MED-LINE/PubMed was performed by a researcher with experience in bibliographic searches to retrieve all studies published between 16 September 2011 and 9 July 2018. For this search, we used the same structured string used in both the EuroCoDe project and the ALCOVE project, including the following terms: (("Dementia" The titles and abstracts of retrieved studies were analyzed, and all studies considered relevant and pertinent to the topic of the review were selected. Each abstract was assessed by two independent reviewers (I.B., N.V.). Disagreements were solved by discussion, consensus, or involving a third reviewer (E.L.). The full texts of all selected studies were collected.
The same predefined inclusion criteria adopted by both the EuroCoDe and the ALCOVE projects [5, 6] were applied to these selected studies.
Thus, only 1) community-based studies, 2) enrolling at least 300 participants, 3) using standardized diagnostic criteria, 4) with a response rate higher than 50%, 4) reporting raw prevalence data, and 5) performed in European countries, were selected. We further excluded all studies that did not use the DSM IV for the diagnosis of dementia [8] , and the studies that did not report data separately for age classes and sex.
All the studies selected for both our review and for the EuroCoDe and ALCOVE projects were qualitatively assessed, and data were extracted.
The methodological quality was independently evaluated and scored by two reviewers (I.B., N.V.) using the ADI tool reported in Table 1 . Eventual disagreements in the quality assessment process were solved by discussion, consensus, or involving a third reviewer (E.L.). Two independent reviewers (F.M. and E.L.) extracted the following data from the retrieved articles: bibliographic references, country, year(s) in which the study was carried out, age-classes, number of participants, number of dementia cases, crude prevalence rate along with its 95% confidence intervals (CIs). The clinical and instrumental procedures adopted for the diagnosis of dementia (screening test, blood tests, clinical examination, informant review, medical records, brain imaging) were also analyzed. The median quality score was calculated to define the reference cut-off to define "highest quality" studies in our review. Only studies that resulted as having an ADI score ≥ to the median value were included in this systematic review.
A meta-analysis of the age-and sex-specific prevalence rates of dementia observed in the nine considered studies was conducted. All analyses were carried out using Stata (version 14.0). Meta-analyses were performed adopting a specific Stata module, Metaprop, designed to perform meta-analyses of proportions in Stata [9] . Overall estimates were calculated with random effects models and a test for heterogeneity was applied using chi-square and Table 1 Quality assessment tool proposed by the ADI in 2009 [7] An overall quality score was derived by summing scores for the following elements:
Sample sizes <500 0.5 points 500-1499 1 point 1500-2999 1.5 points ≥3000 2 points Design Two phase study with no sampling of screen negatives 0 points Two phase study with sampling of screen negatives but no weighting back 1 point
One phase study or two phase study with appropriate sampling and weighting
points
Response proportion <60% 1 point 60-79% 2 points ≥80% 3 points Diagnostic assessment Inclusion of multidomain cognitive test battery, formal disability assessment informatics interview and clinical interview 1 point each the I 2 statistics. The random effects meta-analysis model was chosen to take account of between study heterogeneity of the included studies, so the summary effect was a mean estimate of all effects [10] .
A direct standardization according to sex and ageclass was also performed, using as a reference the structure of the European population as to January 1, 2016 [11] . Confidence intervals were calculated when not reported in the publication. The following formula was used to calculate the 95% CIs, assuming a Poisson distribution of the phenomenon: π ± 1,96 √ π (1-π)/n, where π was the prevalence and n the number of participants [12] .
RESULTS

Study selection
The EuroCoDe project retrieved 194 records of studies published in the years 1993-2007 through the bibliographic searches [5], of which 31 were selected for inclusion in the collaborative analysis.
The predefined inclusion criteria were applied to selected studies, and 17 met such criteria and were then included in the review [5] . Only three among these studies used the DSM IV clinical criteria for diagnosing dementia and were thus eligible for inclusion in our systematic review [13] [14] [15] .
The bibliographic searches performed by the ALCOVE project identified 1,097 records of studies published from 2008 to 2011, out of which 14 were selected based on their relevance and pertinence to the topic of review. After applying the predefined inclusion criteria, 12 studies were included in the review [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Only nine of them were eligible for inclusion in our systematic review, as two did not use the DSM IV criteria [26, 27] and one did not report data separately for age classes and sex [22] .
For our systematic review, we updated the bibliographic search to include studies published up to 2018. A total of 3,427 records were identified, out of which nine were selected for inclusion on the prescreening and the application of the predefined inclusion criteria [28] [29] [30] [31] [32] [33] [34] [35] [36] . Two articles were further excluded as they did not use the DSM IV criteria [28, 32] , and four because data were not report separately for age classes and sex [31, [34] [35] [36] , thus leaving only three studies were included among the 3,427 records identified [29, 30, 33] . Figure 1 reports the flow diagram of the bibliographic searches from each considered source (i.e., EuroCoDe, ALCOVE, and our bibliographic search). Table 2 reports the main characteristics of the 15 studies included in this systematic review (three from EuroCoDe, nine from ALCOVE, three from our revision). Their quality score, assessed with the ADI tool, ranged from 4.5 to 10.5, with a median value of 7 (Table 2) . We decided to include in the metaanalysis only the prevalence rates from the studies with a quality score ≥7. This led to the inclusion in the analysis of nine studies [13-15, 17, 20, 24, 29, 30, 33] . These studies were published between 2002 and 2015 and were carried out in Europe in the 1999-2010 period. Specifically, three studies were carried out in Italy [13, 14, 33] , three in Spain [15, 20, 29] , one in the United Kingdom [17] , one in Luxembourg [30] , and one in Sweden [24] . A total of 18,263 participants were enrolled in the included studies, and 2,137 subjects were diagnosed with dementia.
Quality assessment
All subjects, in the included studies, underwent a complete work-up for dementia performed by physicians. Clinical examinations, informant reviews and medical records analysis were carried out in all included studies. The Mini-Mental State Examination [13-15, 17, 20, 24, 33] , the CERAD-NP-plus battery [30] , or the seven-minute screen neurocognitive battery [29] were used as screening tests. Table 3 reports the crude prevalence data, separately for age classes and sex, documented by the selected studies and the pooled estimate from the meta-analysis. Data of participants aged ≥90 years were aggregated.
Prevalence of dementia
Two of the studies considered for our meta-analysis [24, 33] included a significant subgroup of institutionalized subjects reporting respectively a 39.1% (350/895) [24] and a 14.3% (357/2,504) of the total population [33] but only the last study reported the number of cases of dementia (n = 272) [33] . Most of the included studies show that the prevalence of dementia increases with age and is higher in women as compared to men. Specifically, the pooled prevalence estimates from the meta-analysis for the age-group 65-69 years, 70-74 years, 75-79 years, 80-84 years, 85-89 years, and ≥90 years were 1.1%, 2.2%, 5.6%, 13.3%, 26.4%, and 38.9% in women. In men, the pooled prevalence estimates from the meta-analysis for the age-group 65-69 years, 70-74 years, 75-79 years, 80-84 years, 85-89 years, and ≥90 years were 0.9%, 2.1%, 4.6%, 9.0%, 13.9%, and 31.2% (see Table 3 ).
On 12 heterogeneity tests performing 8 showed a significant variability from the age class ≥75 for men and women with a range included between 54% (age ≥90 men) and 93% (age ≥90 women) the pooled estimate from the meta-analysis of dementia in Europe resulted 12.4% in subjects aged >65 years (95% CI 7.6%-17.2%) (Fig. 3) , while the age-and sex-standardized prevalence rate resulted 7.1%. We also performed a sensitivity analysis excluding only the institutionalized population (dementia cases and not; n = 357) of the Lucca's study [33] . This metaanalysis allows to calculate a new pooled prevalence of dementia in Europe (1865/17906 = 9.3%) (95% CI 6.5%-12.0%). Finally, we compared our prevalence data with those produced in the two studies published in the Eurodem project [3, 4] All studies reported an increase of dementia prevalence with increasing of age. However, our study also showed that such increase tends to start earlier in women (80-84 years) than in men (85-89 years) (Fig. 2) .
DISCUSSION
To our knowledge, this is the first systematic review on the prevalence of dementia in Europe considering only high-quality studies adopting the same diagnostic criteria (i.e., DSM IV). Our estimates, standardized by age class and sex, resulted higher than those provided by Lobo et al. (7.1% versus 6.4%) [4] . In particular, the prevalence rates among women aged >80 years were higher than those reported in the Eurodem study (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) [3] and Lobo's study [4] (see Fig. 2) . Similarly, the specific prevalence rates in men aged >85 years were higher than those previously reported [4] (see Fig. 2 ). Such higher estimates could be partially due to the inclusion in this systematic review of two studies that enrolled also institutionalized subjects aged >80 years [24, 33] that usually show a higher frequency of dementia syndromes compared to subjects in the same age class living in the community. The higher prevalence rates observed in women, compared to men, in the six considered age-classes (Table 3) , confirms the well-established differential frequency of dementia in the two sexes, due to the established differences between the two sexes in life expectancy, educational level, sex hormones, and cognitive functions [37, 38] .
A meta-analysis of 51 studies carried out in the years 1980-2004 used a random effect exponential model to investigate the effect of age and sex on Fig. 2 . Age-and sex-specific prevalence rate in three European systematic reviews (Eurodem project [3] , Lobo's study [4] , and our study). the prevalence of dementia, and reported a 7.29% standardized prevalence rate in subjects >60 years in western Europe [39] .
Analyzing specifically the prevalence observed in the western Europe population, we can underline that our data result similar to the prevalence rates reported Table 4 Number of studies included in the reviews according to country and diagnostic criteria DSM IV  DSM III-R  DSM III  CAMDEX  AGECAT  ICD-9 Our Study Italy ( Italy (1) Spain (1) Sweden (1) Finland (1) Netherlands (1) France (1) Denmark (1) Spain (1) United Kingdom (1) [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [3] Sweden (1) Netherlands (1) Finland (1) Italy (1) Norway (1) Netherlands (1) Spain (1) United Kingdom (1) United Kingdom (2) United Kingdom (1) Germany (1) Note: Country (number of studies).
by Prince et al., particularly in the population aged >90 [39] . The authors highlight that in high-income countries the number of people with dementia will continue to grow, in particular among the oldest [39] .
The estimates provided in our studies were based on data from 5 countries (Italy, Spain, Sweden, UK, Luxemburg) out of the 28 (18%) included in the European Union.
The diagnostic criteria adopted in each study and the geographical area where the studies were carried out (Eurodem and our study) [3, 4] are reported in Table 4 .
Overall, previous reviews and our study were based on 32 population studies, 13 of which were carried out in the southern countries of Europe (1 in France, 7 in Spain, and 5 in Italy), and 19 were carried out the northern countries of Europe (7 in United Kingdom, 3 in Netherlands, 3 in Sweden, 2 in Finland, 1 in Denmark, 1 in Luxembourg, 1 in Norway, and 1 in Germany) [3, 4] . The criteria used by the different studies to diagnose dementia were widely heterogeneous, including the DSM IV, DSM III-R, DSM III, CAMDEX, AGECAT, and ICD-9 criteria. The influence of using different diagnostic criteria on the estimates of the prevalence of dementia is a well-known issue in the scientific community [40] . The proportion of subjects diagnosed with dementia ranges from 3.1% when using the ICD-10 criteria to 29.1% when using the DSM III criteria [40] , while a 13.7% prevalence rate was obtained when using the DSM IV criteria [40] .
The different diagnostic criteria include different combinations of impairment in cognitive, emotional, and social abilities and reflect an emphasis on different clinical features or on a particular cause [40] . In particular, the different relevance of the evaluation of short and long-term memory in the application of diagnostic criteria is a well-established issue [40] .
An interesting study on subjects aged 90-100 years reported a wide variability in the estimated prevalence rates of dementia according to different diagnostic criteria, with a 47.1% rate according to DSM III-R criteria, a 41.2% rate according to DSM IV criteria, a 29.4% according to ICD 10 criteria, and a 38.2% rate according to CAMDEX criteria [41] .
All prevalence rates reported in previously published studies are considerably affected by a consistent heterogeneity due to methodological differences in the sampling criteria, study design, response rate, diagnostic tools, and procedures [3, 4] .
When carrying out our systematic review, we took into account two of the main possible sources of heterogeneity, that is, the diagnostic criteria and the methodological quality of the study.
To our knowledge, none of the previously published studies considered the effect of methodological issues in estimating the prevalence of dementia [3, 4] . In addition to the relevance of the diagnostic criteria, another issue to be taken into consideration is the need to carry out high-quality studies on the prevalence of dementia in each country.
Therefore, to minimize heterogeneity and account for possible limitations due to methodological issues, we restricted our analyses only to high-quality studies adopting the same diagnostic criteria (i.e., DSM IV). However, a wide heterogeneity across studies in the reported prevalence rates of dementia was observed in subjects aged >75 years (Table 3) . This result might be partially due to the presence of a subgroup of institutionalized subject in some of the included studies, and by the lack of the measure of the case-finding procedure. In fact, the use of the ADI tool does not allow to assess the specific validity of questionnaire and/or clinical scale used in the assessed study within the diagnostic process.
Estimating the specific prevalence rate of dementia in each country is essential to adequately plan prevention strategies, as potential differences in the prevalence of dementia could be due to differences in potentially modifiable risk factors [42, 43] . Moreover, designing specific, high-quality studies is crucial to obtain strong, reliable estimates on which to plan public health interventions and policies. A systematic review of studies on the prevalence of dementia in Italy, reported a slight tendency of the methodological quality, assessed with the ADI tool, of these studies to improve over time [44] .
A systematic review of studies published in the years [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] reported that the quality of the studies performed in central and eastern areas of Europe was significantly lower when compared to the studies performed in western Europe [45, 46] . In the World Alzheimer Report 2015, the authors themselves underline the possible presence of errors due to the relatively poor quality of several of the considered studies [47] . In this context, the ADI criteria may be a useful tool to improve the quality standards in this field. They have already been used to assess the quality of the studies included in the systemic review and meta-analysis carried out by Prince et al. [39] , and they have also been used to evaluate the quality of some prevalence studies carried out in Italy [44] . However, the ADI criteria have never been used as inclusion criteria within a review to identify the studies on which to estimate a prevalence rate.
From a public health point of view, monitoring the frequency of dementia is essential to plan and organize health and social services and to assess the impact of potential preventive strategies. For these reasons, the recommendations on epidemiological issue provided by the ALCOVE project may be extremely useful [6] . They focused on 5 specific issues: 1) future studies on the prevalence of dementia should be performed with the aim of meeting the highest methodological quality as defined by the ADI 2009 report [7] ; 2) the use of the DSM IV and NINCD-ADRDA criteria for the diagnosis of dementia within epidemiological studies should be promoted, as these are the only criteria validated with post-mortem data; 3) the use of the NIA criteria and the Alzheimer's Association criteria within incidence and prevalence studies should be promoted [48] ; 4) further studies on the prevalence and incidence of dementia in subjects aged ≤65 years should be promoted to define its frequency in this age class; and 5) further studies should be promoted to identify possible decreases in the incidence of dementia, as suggested by some recent studies [6] .
The limitation of our work is to have used only MEDLINE/PubMed as a database for bibliographic research, but we decided to follow the same methodology of EuroCode and Alcove projects.
In conclusion considering also the recent creation of the Global Dementia Observatory (GDO) of the WHO [49] , we deem it extremely relevant to provide high-quality estimates of the prevalence of dementia in each specific country. Considering the significant implications in planning social and public policies, a reappraisal of the global dimension of dementia is urgent [45] . Only in Italy, the estimated number of cases of dementia in 2018 results about 1 million when applying the age-and sex-specific prevalence pooled rates of dementia reported by Lobo et al. [4] , while the number increases to 1 million and 60,000 cases when applying the estimates provided by the present systematic review.
